I. INTRODUCTION where 8(t) is such that
Neutrinos propagating through matter oscillate in a different way than neutrinos propagating in vacuum [1 -4] . This is because interactions in a medium modify the dispersion relations of particles traveling through. In quantum-mechanical language, a different dispersion relation signifies a different Hamiltonian of the system, which gives a different time evolution equation for the corresponding physical system.
Probably the most interesting consequence of the propagation in matter is the possibility of large neutrino mixing occurring when neutrinos cross a resonance region. Such an effect can be better appreciated observing the neutrino evolution equations in matter, which, for the two generation case, after neglecting irrelevant overall phases, can be written as [2] (t) v, (t)=v, (t) cos8(t) -v"(t)sin8(t), v2(t) = v, (t)sin8(t)+ v"(t) cos8(t), (2) (1) h=mz -m, is the squared mass difference of the vacuum mass eigenstates, 0 is the neutrino mixing angle in vacuum, and &2GFN, (t) is the consequence of electron neutrino coherent forward scattering from electrons in matter, the number density of which at the region reached by neutrinos at instant t is N, (t). The physical eigenstates in matter, v, and v2, are obtained from the current eigenstates v, and v" through a convenient twodimensional rotation which diagonalizes the 2 X 2 evolution matrix appearing in Eq. (1) . Such The purpose of this paper is to discuss an alternative way to calculate the level-crossing probability P. We use the Feynman procedure of ordered exponential operators [6 -8] and the stationary phase method [9] to evaluate the multiple integrals involved, to write a solution for the system of equations (1) [11 -13] in the context of atomic physics. What is now called Landau's method was applied to the neutrino case [5, 10, 12, 19 ] to obtain a simple expression for P:
where the quantity F depends on how N, (t (v2(t+ )iv, (t ) ) = A~(v,~v, }sin8(t+ }cos8(t ) -Az(v"~v, )sin8(t+ }sin8(t ) + Az (v,~v")cos8(t+ ) cos8(t ) -Az (v"~v")cos8(t+ )sin8(t ), (10) where the subscript R indicates transitions around resonance. In order to evaluate the level-crossing probability P we have to calculate the amplitudes of probability appearing in Eq. (10) . Therefore, we want to obtain a solution of the system of equations (1) (v, (t },v"(t ) ).
Let us assume that electron and muon neutrino states are described by a two-component column spinor P(t) =(v, (t), v"(t)) .
In order to simplify our expressions we will introduce a new spinor g(t) related to P(t) through [9] . The other relevant amplitudes Az (v,~v, ), Az(v"~v, ), and A&(v"-+v") are given, respectively, by the upper diagonal, lower off-diagonal, and lower diagonal elements of the same matrix.
Let us now calculate the first-order contribution of these amplitudes.
If we want to evaluate the v,~v" transition, terms accompanying o + in Eq. (14) have to be considered and we can write i -g(t)= sin28(e'~'"o +e ' "o )g(t) .
. d (12) o. + and o. are the lowering and raising operators and X exp ip(t~)+i (16) p(t)= f dt' cos28 &2GFN, (-t') (13) %e can now apply the Feynman procedure to write a formal solution for Eq. (12):
where Exp indicates an expansional defined as a sum of multiple ordered integrals [6 -8 (20) as well as the survival amplitudes of probability, given now by terms of even order in the expansional:
A"(v,~v, )= Aa(v"~v")= 1+g2 (21) Note that the electron and muon neutrino survival amplitudes are equal to each other while v,~v"and v"~v, transitions differ by one phase factor. Finally we can put Eqs. (19) - (21) into (10) and (6) to obtain the final expression for the level-crossing probability:
We observe from Fig. 1 that our expression (22) and (23) for P coincides with the conventional expression (9) for small values of y, i.e. , in the extreme nonadiabatic regime. It should be noticed that the conventional expression (9}differs from the numerically calculated values of P [16] in regions where y =1 and 8 is large (8=0.4 -0.6). We believe, furthermore, that our expression (22) Furthermore, since the second derivative of p(t}, Eq. (13) , is essentially the first derivative of the matter density distribution N, (t), we compare Eqs. (4) and (18) to conclude, after evaluating the involved quantities at the resonance point through Eq. (15) Interesting enough, we observe that in the extreme nonadiabatic limit, when y =(16Irr)g~0, we recover from Eqs. (22) and (23) the correct limit for P presented in Eq. (8) , differently from what happens with Landau's expression (7) . Without any ansatz, we have obtained the correct nonadiabatic limit. This result is shown in Fig. 1 where we compare our expression for P, Eq. (22) , with the usually accepted expression for this same quantity, Eq. (9 
